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Itis a g;'eat honor and pleasure to be invited to give one of th’e public
lectures in your engineering lécture series. This lecture will not be a tech-
nical paper in the usual sense and has nonve of the usual appurtenaﬁces of
such papers. It is in part an attempt to interpret the aims, goais, and effects
in human affairs of one field of development in aeronautical engineering; in
part an attempt to give you a nodding acquamtance with some of the current
technical problems in that field. |

Last week while I was standing with a group of aeronautical engineers
on the lawn of the Inn at Williamsburg, Virginia, there was heard that ne\& and
never-to-be-forgotten sound, the high pitched swish of a jet-propelled aircraft
somewhgi‘e in the sky. Everyone began to‘ use their natural sound locators,
turning the head back and forth to obtain equal intensity of sound in the two
ears and looking straight ahead to locate the source, but no airplane was to
be seen. Then a wiser ana more experienced operator called out ‘““You have
to look ahead of the sound’’ and sure enough by looking a considerable distance
ahead of the apparent origin of the sound, the airplane was readily located.

The jet airplane travels at such a large fraction of tbe speed of soand that in
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the time required for the sound to trave!l the distance from the airplane te the
observer, the airplane has moved a comparable distance along its path.

In London during the last war the inhabitauts were harassed by two types
of distinctive missiles. The buzz-bomb traveling much slower than the speed of
sound telegraphed its coming long in advance, holding its victims in terrifying
suspense. The V-2 rocket traveling several times faster than sound was more
merciful. No warning sound was propagated and the victims never knew what
happened. The survivors saw the explosion and only afterward heard the noise
arising at successive points along the path in reverse order, much like a phono-
graph record played backwards.

These human experiences-have brought into our daily sbeech éLA familiar-
ity with the use of the speed of sound as a measure of comparison for the speeds

of aircraft and missiles and with the new words coined by scientists, sonic speed
for a speed equal to that of sound; subsonic speed for speeds less than that of
sound; supersonic speed for speeds greéter than that 6f sound; transonic speed
for speeds just below and above the speed of sound especially for objects which
pass through the speed of sound in their travel; and Mach number, the ratio of
the speed of the aircraft or missile to the speed of sound.

The scienfist uses the sonic speed as his medsure not becéuse of the
difference in tra.vél of sound to an observer, previcusly described, but because
he finds by experiment that the laws of air flow are greatly different for sub-

sonic and supersonic speeds. George W. Gray, i his book on Frontiers of



-9 -

Flight, which is a history of the wartime work of the National Advisory Committee
for Aeronautics, recounts the story of an American fighter pilot during the last
war who dove Lis airplare steeply toward the earth in pursuit of a Gel;man fighter
plane. Af\.ter shooting down the German plane, Le 'az‘,tempted to pull back on the
control stick to level out from the dive. But the stick resisted and seemed held
in a vice. Wiih all his strength be struggled, but the airplane continued down-
ward at high speed. As he waé ready to abandon ship the elevator suddenly took
hold and the plane curved out of the dive with high acceleration. This new and
baffling experience arose from the fact that the speed of the airplane was reach-
ing a; speed at which the 2ir was flowing locally over parts of the wings and tail
_at.spef;ds.,faﬁter than sound although the airﬁlane itself was traveling at only
three-quarters the speed of sound.

Why did the airplane recover at all? The explanation is that the speed
of sound changes as the temperature of the air changes. Near the ground-m the
warm air at sea level it is about 760 m_iles per hour. In the upper atmosphere
where the temperatﬁre is about -550 ¥. the spead of sound is only 660 miles
per hour. Thus as the airplane dived, its speed, decreasing slowly because of
the increasing density of the air, became smaller in comparison with the speed
of sound and the adverse eifécts disappeared.

The great task .C()Klifz*cn.tﬁilg the NACA, tmi;versity, industrial, and other
government research laboratories is the prompt exploration of the laws of é.irm

flow in the transonic and supersonic regions. Tha task of Hie designers of
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military aircraft is to a.ppljtds knowledge to build aircraft v,'rhich may fly safely
at these speeds. Many existing aircraft can enter the transonic region, at least
in dives. For security reasons I do not expect to tell you exactly the limits of
speed which have been reached under various conditions. I can state that we are
at the dawn of the supersonic age in the sense that many aircraft now flying travel
at such high speeds that the air flows locally past their wings at speeds faster
than sound and that it is only a matter of time before sustained horizontal super-
sonic flight of piloted aircrait will be 2 commonplace event, as the dawn is super-
| seded by the full sunlight of the oncoming day. I am on record as having predicted
last {all that the sunrise of the new age will occur before the end Qf thé calendar
“yeai 1Y48. Sume newspaper-mensay it has already occurred. In the present
international climate I predict a cloudy sunrise and there will be some difficulty
in determining exactly when the dawn turns to day. |

| The impact of engineering development in aeronautics on our civilization
has from the beginning been very great. Airplanes of ever fmcreasing perform-
ance have served our civilization usefully. At first flying was the hazardous
occupation of a few men who capitalized on the danger to entertain and to thrill
the many by aerial circuses and races. Some more far-seeing pilots began to
demonstrate the peacetime utility by picaeering m. aerial photography, crop
dusting, the carrying of mail, passengers, and freight. These peacetime useful
services of avistion have grown to large size and aircraft are indispersable to

s which were imposs:ible before; {or

I

our ocom.orny. 1 is possible to do thin
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1 iid leave Washington Sutd fternoon eak in Berkeley on
example, I conld leave Washingtor Surday afternoon, speak In Berkeiey on

&, Los Angeles Tuesday evening, and be back In Washingion on

Monday event
Wednesday evening.

You will recall the introduction of the airplane as a military weapon in
World War 1 and its rapid developmesnt to become today the EKeystore of our
natiozal securily. It is the precs*“‘f claim of this use of the azrpla e that has
brought the dawn of the supersonic age as we shall later discuss.

These are the direct contrib \11"04 s to the machirery of daily liviag and
fﬁ,g’htimga But the indirect contribuiicns to mar’s intellectual and spiritual life
are even more striking. Aeronautical developments have endless ramifications
dncthe-daily Yives and mental precesaces of all of us, engineers, educaters,
business men, John Q. Public, or however else we mé,y wish to classify our-
selves or our major interesis., Aerorautical engineering Ha,s left its impress
on cther branches of engineering as well as on society as a whole. Iz these
times we cannot aﬁord as engineers to ignore this conseguence of our work
and in thi dlmC‘LlSSﬁOn I do not propose to igrore the humn aspects ¢f our
technical work.

I'may illustrate the way in w}ch a complex techuical development can
affect the life of the average man by reviewing very briefly an earher age of
aeronautical development, the streamline age. You probably recall the early
airplare, usually a wood, wire, and fabric crealion with exposed struts, wires,

engine. ladi~o geary, ard passenyers, You probably remembey the davelopment
» 1) 3 P 5 K -
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of the carntilever monoplane, of the cowling of the aircocled engines, of the re-
tractable landing gear, all greatly reducing the drag and increasing the speed.
Perhaps you have seen the ﬂow of smoke or water around objects of various
shapes and are familiar with the concept of a streamline body as a body which
moves through the air or water leaving behind it the least possible disturbance.
Ybu know that your automobile or a train is not really a good streamline body
because of the cloud of dust and debris stirred up by its passage. Although
the developmenrt of streamlined aircrait has been carried to a high point even
to the removal of rivet heads on the exterior surface, and the principle has
been in part applied to automobiles and trains, surely the more important in-
fluence has been on the intellectual and spiritual lives of men. And by that I
do not refer particularly to the rather facetious and frivolous application c_)f
the adjective *’streamline’” in adverﬁisiz:xg to furnaces, washing machines,
flat irons, women’s stockings, men’s shirts, ard the female figure, but to the
more solid ard meaningful concept of that harmony with the physical laws of
the universe which enabies us to live with a minimum of useless effort and
disturbance. The streamlining of office procedures, of the Committees of
Cmgréss, of specifications for materia.is, of college curricula; -- all such
concepts grew out of this impact of the aeronautical engineering development
of an aircraff which traveled through the air with a minimum of disturbance,
with each part functional and operating at peak efficiency. I have heard also

mooovernmet bureaus of streamlirirg the buck so that ¥ may more readily
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Le passed from ore office to another. But surely more important than all of these
is the streamliring of one’s life so that we may proceed with a minimum of fric-
tion with our neighbors, with our energies applied to the task of reaching our goals
swiitly. |

In similar fashion I assert that the supersonié age will profoundly affect
the lives of all of you, physically, mentally, and spiritually and hence you should
become familiar at this early date with this oncoming technical development.

Let us look at some of the technical problems to be solved in the develop-
ment of supersonic piloted aircraft. In general terms the problems arise from
the radical changes in the aerodynamic relationships at speeds faster than sound
as compared with those prevailing at speeds slower than sound. A reasonably
satisfzactory design could now be made to operate at any one value of the speed,
subsonic or supersonic,if the iransonic region of mixed flow is avoided. How-
ever, any practical airplane must be able to take off and land and hence must be
able to fly satisfactorily in both the subsoric and supersonic regimes and also
during the passage througﬁ the transonic region. In fact, it would be desirable
tu be able to fly steadily in the transonic region as well.

The {irst problem is that of providing a powerplant of sufficiently high
thrust to oevercome the drag or resistance to motion at supersonic speeds.
Ballisticians many years ago found that the resistance to motion of a projectile
increased disproportionately as the speed of sound was approached, the drag

increasivg much faster thar the sgnave of the spred. About 20 years ago
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experiments in which I had some part showed that the drag coefficient of an air-
plane wing increased suddenly many fold and the liit coefficient decreased very
greatly in the trausoaic region. These findings have repeatedly been corfirmed.
The development of jet and rocket propulsion has now given us powerplants of
large thrust in a relatively emall package. There are three types of jet power-
pia;nts available or under development; the turbo-jet, the ram-~jet, and the rocket,
each producing thrust as the résult of squirting a' hot jet of air to the rear. Any
boy who has blowa up a toy balloon and let iéescape from his hands has Qbserved
jet propulsion and therefore can h.z&ders.tand it. As a matter of fact, the conven-
tional airplane propeller operates by producing a jet. In the newer engines heat
1is used to.produce the jet The rocket carries both fuel and oﬁygen, i.e., all the
elements required for a chemical reaction to produce heat, transform the fuel
amd.éxidam to hot gas, and eject the products of combustion. It therefore can
operate anywhere, under water,_ in the air or outside the earth’s atmosphere.

Turbo-jet and ram-jet engines get their oxygen from the atmosphere,
as does the conventional reciprocating engine. The turbo-jet uses a mechanical
compressor to compress the air and a turbine to drive the COmpressor. In the
ram-jet compression is produced by the rapid motion of the vehicle; hence a
ram-iet propelled vehicle must be brought to a high speed by other means, for
example, booster rockets.
. The new powerplants give a great deal of power per pound of weight and

have the desirable characteristic that the power increases with the speed. In
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his book Gray gives the following figures at a speed of 750 miles per hour for
certain powerplants: Rocket 53.7 horsepower per pound; ram-jet 6.9 horse~
power per pound; turbo-jet 3 & horsepower per powd, Howevcr,’ at the same
speed the rocket burns 8.3 porunds of fuel per horsepower hour; the ram-jet
2.8; the turbo-jet 1.0. The relative merits of the engine types are complicated
‘ﬂmctions of the speed and altitude of flight. Suffice it to say that these power-
plants furnish sufficient power to drive aircraft at supersonic speeds. Much
research is required to improve their efficiency, reliability, and 1.§.mits of
operation as regards speed and altitude. |

The converse of the problem of producing sutficient thrust is reduction
of drag. Here again consideralle progress has been made. The introduction of
sweptback wings heralds the new-look for high~-speed aircraft, although all

\
airplanes having sweepback do not necessarily travel at supersonic speeds.
Sweepback is highly advantggéous in the transonic region. At supersonic
speeds model tests indicate advantages for a triangular planform or short
stubby thin wings.

The drag can be greatly reduced by reducing the density of the air by
traveli;ng at high altitude, but as is well known, high altitude flight introduces
new problems both for the buraan occuparnt and the powerplant. As the density is
reduced, a greater and greater volume of air must be forced thrpugh the engine
Ato supply the necessary oxygen to burn the fuel in the case of the ram-jet and

turbo-jet. It becomnces more nod more ¢iiliceld to moiclaln the conditions needed
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for combustion, ¢ “‘keep the fire 1it’" in the parlance of the jet pilot. Research
workers are bus:ly engaged on these guestions. It is obvious that supersonic flight
near the ground w:ll he extremely costly in fuel, and that economy and efficiencyﬁ is=
to be obtained by high altitude flight. Hence the interest today in determining the
physical propertics of the air at very high altitudes by means of sounding rockets,
and in reproducing these conditions in the laboratory for studying the problems to
be encountered in high-speed flight in the upper atmosphere. Professor Folsom
and his associates here at the University of California are doing pioneezjing work
in this field.

Perhaps the most difficult technical problems are those relating to control
- -and-sinbility Al subsonic-speeds-the difiing force on a wing acts through a point
about oze-quarter the distance from the leading edge to the trailing edge; at Super-
sonic speeds it acis through a point half the digtance from leading to trailing edge.
Thus there are sudden changes in the trim of the airplané in the transonic region.
There are also changes in the stability, produced partly by the change in the air-
flow at the tail produced by the loss of 1iff. A number one research problem is to
find configurations which go through the transonic region with minimum changes
in trim, control, and stability.

Research has shown that disturbances known as shock waves develop in ‘
the flow near the wing at transonic speeds and that these shock waves are often
a.ccoz'npanied by {low separation. When this occurs the air ’ﬂows past the wing

with viclent {luctuations shaking or buffeting the wing and i the wing wake strikes
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the tail, the tail sivuciure may be subjected 1o violent irregularly varying loads
sufficient to produce ctyvuctural daraage. A knowledge of buffeting loads and, if
possible, the design of wing sectiors and configurations which avoid flow separa-»
tion are necessary to develop aircraft to fly safely in the transonic region.

Tre configurations which seem best for flight at supersonic speeds
usually show poor landing characieristics. Much research is needed on methods
for improving these characteristics by use of suitable flaps or by methods as yet

unknown.

At high speeds the loads on the wings and tail are large and produce de-
flections, twisting, and bending of the structure. These distortions change the
sir toads wrd there 16 thus g compHeated-interastion between aerodynamic and
structural design. For example, the deflection of the aileron to correct a dis-
turbance ir roll may twist the wing enough to counteract the desired effect of
the aileron, thus increasing the disturbance. Difficult aeroelastic problems
must be solved by the desigrer. |

It is well known that meteors travelingl through the air at high supersornic
speeds-get so hot from friction with the air that their surface melts. At lower
supérSa&ic speeds the heating s by no means negligible and is already receiving
L;onsidezaiim even at subsonic speeds. In a piloted aircrait the cabin or cockpit
must be kept at a reasonable temperature say less than 100° F. Refrigeration
is required at specds as low as 500 miles per hour, partly because of aerody-

namic keating, by partly becsase of radiation from the sun. In a pilotless
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aircraft or missile the temperature could be permitted to go somewhat higher but
ultimately a point is reached at which mechanical and electrical devices will not
function or the structural properties of the matlerials are greatly deteriorated by
the high temperature. Whether or not a piloted supersonic airplane can be flown
at high supersonic speeds may be determinred by the results of research on methods
of ‘cooling the cabin and the structure.

These technical pr‘oblem-s are being attacked by many new and ingenious
tools, the best known béing the wind tunnel. The first supersonic eXperim_ents
with which I am familiar were made in 1890 in a jet about a quarter of an inch in
diameter, the flow lasting about three seconds. Now t_here are supersonic wind
. funnels 1.foot by 2 feet in.oross.section in regular ‘,bpera,tion and others 6 feet
by 6 feet and 6 feet by 8 feet approaching completion. Techniques for measure-~
ments on objects dropped from aircraft at high altitudes and on rockets fired
from the ground at supersonic speeds have yielded much valuable information.
Still another method is to place a model in the local region of superschic flow
on the upper surface of the wing of an airplane traveling at high subsonic speeds,
a method devised by Mr. Gilruth of the NACA. The same technique was applied
by Lockheed and by the NACA by instaﬂing a bump in a subsonic wind tunnel.

So mﬁch for the purely technical aspects. Why does anyone wish to travel
faster than sound? Dr. von Karman once closed a technical lecture with this
question and stated that the reply must be left to the philosopher, but all of us

must be, to some exiert, philosophers, if amateur ones. There is no question



- 13 -
but that the primary motive of our nation in devoting large sums of money and
time to accomplish supersonic flight is the desire for national security. The
dominant position of air power as an element in naticnal security has been thor-
oughly demonstrated. Speed has always been that element of perfoﬁnance of an
aircraft which makes it possible to control the air. We have been told by our
military leaders that had Hitler grasped the significance of the development of
_ turbo-jet and rocket-propelled aircraft and exploited them, our bomber missioﬁs
could not have continued as then operated over Germany. All of us observed the
inability of England to defend itself against supersonic V-2 missiles, once the
missiles were launched. Speed is the major charlacteristic of fhe fighter and
dotercepter-and-speed ds the moot imporiant defensive armament of the bomber.
There now seems to be no technical obstacle which cannot be overcome by re-
search. and the fear that some other nation may produce faster aircraft‘ which
could outrun our own aircraft in the sky is the powefful incentive to desire to
travel faster than sound.

Fina:ily as to why fly faster than sound, I will not have you discount the
value of speed in commercial air transport when accompan.ied by safety and
reliability. It now takes about twelve hours elapsed time to cross the continent,
and the trip is very comfortable in modern aircraft. I\_Ievertheless, it would be
still more comfortable if it could be done in three cr four hours. It is easy to

predict that this will surely come; it is harder to predict the timing. Over the

years the speed of commercial air transport operation has lagged the airplane
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speed record by 15 or 20 years. Hence we might estimate that in 1968 the speed
of commercial air trapspoxfts would be about 650 mph, the present speed record.
But the jet engine has introduced a discontinuity, the possibility of a sharp rise
in the rate of development, and hence this periormance may come earlier. There
are many optimists who day dream about aeronautical progress without adequate
technical support for their predictions and there are also more sober and solidly-
based predictions. The conservative prediciions have usually been outstri;fped.

As recently as 1940 Archibald Black, an aviation writer, made the following state-

ment: ‘‘It has been estimated that. if it were possible tc build an airplane that

could fly at more than 800 miles per hour, the rocket principle might then be

i W

3

promising.. Thic.spead; however, ie yetdoc.fantastic.to be considered even as a
future possibility, although it is always dangerous to say of anything in aviation
that ‘it will never come’.”” This speed does not now seem so far away. Researéh
today on speeds faster than sound is research on the commercial air transport
of the future.

The achievemernts of aeronautical engineering have had a stimulating ef-
fect on other branches of engineering. The supersonic age will influence the

training of all engineers as well as contribule to developments in mechanical

]

and electrical engineering. Soluiion of the manifold preblems of supersonic
flight requires both an increasing specialization of individual engineers and
improved methods of synthesizing the efforts of specialists toward a common

goal. There is need {or men who have delesled mastery in such diverse flelds
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for fuels for turbo-iets, ram-jets, and rockets), metallurgy,

s

as organic chemistry
ceramics {(for heai-resistant malerials), dynamics of structures (vibr‘ation and
flutter problems), electronics (for instruments and control devices), servomech-
anisms {for autopilois, gunsichts, and gunlaying), aerodynamics, thermodynamics,
and many others. There must be oxperto in the boraerhne fields, such as aero-
elastic problems, aercthermodynamics, etc. Each of these is a field in which the
body of knowledge and experience is steadily growing and each rquires the full
time energy of anyone for its maste:y. ’

The work of Specialists must be integrated to an extent not required in
other branches of engineering. Engineers in other fields have successfully met
the.problems.of lange enterprises, planning the {low of materials, arranging for
matching of characteristics of components, securing dimensional agreement of
mating parts. In most of these fields the problems can be broken down readily
for solution, with the coordination requiring only small adj ustments. In a super-
sonic aircraft or missile, each special problem reacts on all the others to an
extent demanding a new type ard higher order of coordination. For example,
such an apparently simple thing és the design of a radar antenna cannot be ade~
quately treated withoui cornsideration 'of the effects on the aerodynamic charac;
teristics and hence on the required powerplant., A suitzbhle compromise must be
worked out between many conflicting requirements. A group of leaders must be.
trained who can intelligently make these compromises. They must be men with

broad traicing in many fields with mastery of mathematical and experimental
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methods of analysis of complex problems, and with a certain boldress of venture.

Aeronautical engineers engaged in work on guided missiles have learned
the great stimulus of boldly attempting to design an operating missile. Granting
that all the desired basic research has not been completed, the attempt to sink
‘or swim in the venlure reveals whaﬁ the key problems really are and in conjunc-
tion with rational mathematical analysis enables the development efiort to be con-
centrated on the real obstacles to progress. ‘Engineers must be ta,vught to use the
coordinated experimental and theoreticlal attack on their problems to utilizing the
skills of specialists, and to weigh, balance, and evaluate the data obtained from
ali. Such is the mode of operation of the engineer in a supersonic age.

The supersonic age will also make its -imprint.on ‘the,average man. As
in the case of the atomic bomb, thg superscnic age will at first bring fear to his
mind because of its portent for w~ar. Engineers are. prone to direct attention to
the material benefits of their creations to the public, to the power of many slaves
which they have supplied to do physical labor, to their contributions to ease and
cdmfort, and they are equally prone to ignore the common belief that scientific
and technical developments appear ofter to bring misfortune. The truth, of
course, is that material things are néither good nor evil; they may be used for
either purpose by good or evil men. The same chemical compound brings you
the.blessing of clean white shirts and the curse of a poisonous gas to be used
in war. Another gives yo{l broad, paved streets, mines vour coal, or crumbles
buildings and cit:es. The svpersonic age llkewise is in iisell neilher a blessing

nor a curse. lt may be either.
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The faster transport of the supersonic age will dissolve barriers of time
and space and the world will shrink still more, increasiug the pressure for
solution of many social, political, and economic problems. When man can outrun
the sun and arrive at his destination before he leaves, as measured by the sun,
he must obtain a new perspective of international and sectional problems.

The supersonic age will bring a lifting of intellectual horizons as having

7

conquered the space and time iimitations of this world, he seeks new worlds to

S
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conquer. Pié will begin to think more seriously about the exploration of the high
upper atmosphere and to wonder whether the exploration of outer space is not
more than a figment of the human imagination.

But man must not be too impatient. He has climbed far. The realization
of his dreams requires the time and effort of many, perhaps even of generations.
And yod and I can only regret that we cannot linger to see of what étuﬁ these

dreams are made.



